Background: This study investigated whether axillary nerve (AN) distance to the inferior border of the humeral head and inferior glenoid would change while placing the glenohumeral joint in different degrees of external rotation and abduction. Methods: A standard deltopectoral approach was performed on 10 fresh-frozen cadaveric specimens. The distance between AN and the inferior border of the humeral head and inferior glenoid while placing the shoulder in 0°, 45°, and 90° of external rotation or abduction was measured. Continuous variables for changes in AN position were compared with paired 2-tailed Student t test. Results: The mean distance between the AN and the humeral head with the shoulder in 0°, 45°, and 90° of external rotation and 0° of abduction was 13.77 mm (SD 4.31), 13.99 mm (SD 4.12), and 16.28 mm (SD 5.40), respectively. The mean distance between the AN and glenoid with the shoulder in 0°, 45°, and 90° of external rotation was 16.33 mm (SD 3.60), 15.60 mm (SD 4.19), and 16.43 (SD 5.35), respectively. The mean distance between the AN and the humeral head with the shoulder in 0°, 45°, and 90° of abduction and 0° of external rotation was 13.76 mm (SD 4.31), 10.68 mm (SD 4.19), and 3.81 mm (SD 3.08), respectively. The mean distance between the AN and glenoid with the shoulder in 0°, 45°, and 90° of abduction was 16.33 mm (SD 3.60), 17.66 mm (SD 5.80), and 12.44 mm (SD 5.57), respectively. Conclusions: The AN position relative to the inferior aspect of the glenohumeral joint does not significantly change despite position of external rotation. Increasing shoulder abduction over 45° decreases the distance from the glenohumeral joint to the AN and should be avoided.
Introduction
The axillary nerve (AN) is the most common peripheral nerve injured during shoulder surgery. 17, 19 Although care is taken to avoid iatrogenic injury, the AN is at particular risk in any surgery that involves the deltopectoral approach at the anteroinferior aspect of the glenohumeral joint or during a deltoid split approach at a distance of 4 to 6 cm from the acromion. 7, 17 In particular, subscapularis tenotomy and anterior capsulotomy are commonly used in the setting of shoulder replacement surgery and for open anterior instability. While performing this procedure, the AN is vulnerable to injury as it may be as close as 3 mm from the inferior glenohumeral capsule. 2, 14 Precise anatomic knowledge of the nerve's path is essential to avoid iatrogenic injury. 1, 12, 18 The AN runs obliquely across the inferolateral border of the subscapularis and enters the quadrilateral space. It divides into an anterior and posterior branch. The posterior branch innervates the teres minor muscle and the posterior deltoid muscle; it then terminates as the superior lateral brachial cutaneous nerve.
The anterior branch travels deep in the deltoid fascia toward the anterior border of this muscle. 6, 9, 17 Injuries of the AN may be sustained by a variety of means, including direct laceration or indirectly by soft tissue retraction, suture misplacement, impingement of instrumentation, stretching and positioning of the upper extremity. 1, 4, 10, 11, 16 The prognosis of recovery depends on the severity of the nerve injury.
To protect the AN during an anterior approach to the glenohumeral joint such as for shoulder replacement or open instability repairs, external rotation and adduction of the glenohumeral joint are recommended to increase the "safe zone." External rotation may increase the distance between the AN and the subscapularis while performing a subscapularis tenotomy by reducing tension on the nerve and allowing it to fall away from the surgical field at the intended tendinous or capsular incision. 13, 17, 22 With external rotation, the lesser tuberosity drives away from the AN making the tenotomy or capsulotomy safer ( Figure 1 ).
Several anatomic studies show detailed measurement and relationship between the acromion and the AN. 3, 5, 7, 8, 19 Cheung et al 7 studied the effects of shoulder position on AN positions during the split lateral deltoid approach. This study showed the distance of the AN varies to the acromion depending on shoulder position and that shoulder abduction had the greatest effect on AN position.
To our knowledge, this same effect has not been studied for position of the AN at the inferior border of the humeral head and glenoid during a deltopectoral approach.
The purpose of this study is to quantify AN distance to the inferior border of the humeral head and inferior glenoid during a deltopectoral approach and subscapularis tenotomy and to study the effect of altering external rotation and abduction upon the AN.
Materials and Methods
Ten fresh-frozen cadaveric specimens consisting of the entire upper extremity from the medial border of the clavicle to the hand and fingers were obtained with institutional review board approval through our tissue repository. There were 2 right and 8 left upper extremities from 4 female and 6 male specimens with a mean age at the time of death of 82 years (range, 59-103 years). No shoulders had previous upper limb trauma or significant injury or history of surgery, which could interfere with accurate dissection and measurements.
Dissection was carried out using a deltopectoral approach on the 10 cadavers. An anterior arthrotomy was done through a subscapularis tenotomy. The AN was dissected and exposed. The closest distance between the 6-o'clock position of the inferior border of the glenoid and inferior border of the humeral head to the closest point of the AN was measured using a Vernier digital caliper (error ±0.002 mm) rounded to the nearest 2 decimal places with the shoulder at 0° of external rotation and abduction ( Figure 2 ). This was then repeated with the shoulder in 45° and 90° of external rotation and abduction separately to see if there was any significant change in nerve position according to shoulder position.
For accurate measurement of glenohumeral position, the upper extremity was held flat on the dissection table. Zero degrees of external rotation were set with the elbow joint at 90° of flexion and perpendicular to the plane of the dissection table. Forty-five degrees and 90° of external rotation were then measured while rotating the hand away from the specimen while keeping the shoulder at 0° of abduction. Zero degrees of abduction were set with the humeral shaft parallel to the medial border of the scapula. Forty-five degrees and 90° of abduction were measured while separating the elbow from the axis of the upper extremity.
Statistical Analyses
Descriptive statistics included means, standard deviation, and ranges for continuous data. Continuous variables for changes in AN position were compared with paired 2-tailed Student t test. Statistical significance was set at P value less than .05.
Results
The mean distance between the AN and the humeral head with the shoulder in 0°, 45°, and 90° of external rotation and 0° of abduction was 13 
Discussion
The incidence of neurologic injury after anterior shoulder surgery such as shoulder replacement and anterior instability procedures ranges from 1% to 8.2 % and is probably underreported. 10, 14, 20 The primary mechanism of nerve injury is traction affecting mainly the posterior and lateral chords of the brachial plexus. 10, 14, 16 Nagda et al 16 assessed peripheral nerve function during shoulder arthroplasty with electrodiagnostic studies. In this study, 50% of the nerve events (sustained neurotonic electromyographic activity or greater than 50% amplitude reduction in the transcranial electrical motor evoked potentials from 1 or more muscles) occurred while the patient's shoulder was positioned in abduction, external rotation, and extension. Thirty-seven percent occurred in adduction, external rotation, and extension. Thirteen percent occurred while the shoulder was placed in abduction with the elbow was in at least 90° of flexion.
Laderman et al 11 assessed the prevalence of subclinical neurologic lesions following reverse shoulder arthroplasty and compared it with the prevalence after anatomic shoulder arthroplasty. Postoperatively, electromyography revealed acute lesions involving mainly the AN in 9 out of 19 shoulders with a reverse replacement. Eight of the 9 shoulders completely resolved at 6 months by electromyographic examination. One of 23 shoulders in the anatomic shoulder arthroplasty group presented with acute postoperative neurologic lesions confirmed by electromyography. At 12 months follow-up, this patient still had incomplete recovery by electromyography.
Most lesions due to traction and position will produce a neurapraxia, which will eventually recover in time. 11 Severe injuries (axonotmesis or neurotmesis) are most commonly caused by direct nerve injuries, such as laceration or suture placement. These tend to be isolated terminal nerve branch injuries, which will require surgical management and have poorer prognoses. Carofino et al 4 reported upon iatrogenic nerve injuries following shoulder surgery in 26 patients. Sixteen injuries were to a terminal nerve branch including the AN in 9 cases. Four cases resulted following open procedures to treat instability, 4 following isolated arthroscopic procedures, and 1 combined open and arthroscopic procedure. The mechanisms of injury involved nerve laceration and suturing of the nerve to the capsule.
In our study, the distance between the AN and the inferior border of the humeral head changed its position significantly when comparing 0° to 90° and 45° to 90° of external rotation (P = .03). Rotating the arm externally up to 45° does not change the nerve position significantly. The distance from the AN to the humeral head also changed its position significantly while comparing 0° to 45°, 0° to 90°, and 0°to 45° (P = .005, .00001, and .0002) of abduction. The distance between the AN and the inferior border of the glenoid changed significantly while comparing 45° to 90° (P = .006) of abduction.
Limited information is available in the current literature regarding the position of the AN relative to the glenohumeral joint and the effects of shoulder positioning in external rotation and shoulder abduction. Yoo et al 21 studied the AN in relation to the glenoid and arm position from an arthroscopic perspective. The nerve was found closest to the glenoid at the 5:30-to 6:00-o'clock position (right) or 6:00to 6:30-o'clock position (left) being the closest distance range from 10 to 25 mm. In concordance with our findings, regardless of the arm position, the path of the nerve demonstrated little change with different arm positions.
In an anatomic study of the innervation of the inferior glenohumeral ligament, Gelber et al 9 described that the articular neural branches of the AN, in the 4 specimens studied, relaxed and separated from the joint at 45° of external rotation and 60° of abduction; however, the change in position was not quantified.
Limitations to our series are related to the cadaveric nature of our study. We took measurements on cadaveric specimens where there was no degenerative joint disease or previous trauma. During surgical approaches in patients with osteoarthritis or instability, due to scar tissue or even previous surgeries, normal anatomy and relations are frequently changed. Decreased muscle tension in a cadaver may also contribute to altered relationship between the AN and bony structures. Small sample size and low power may also limit finding clinically important differences. However, our study was able to show a statistically significant change in position of the AN in several positions of both external rotation and abduction. .006
Note. AN = axillary nerve; ABD = abduction.
For this reason, we recommend careful identification of the location and course of the AN during anterior shoulder surgery. When splitting the anteroinferior capsule for means of shoulder stabilization or soft tissue release, the AN should be protected by placing a blunt retractor along the inferior aspect of the glenohumeral capsule, thereby shielding the nerve from iatrogenic injury. Dissection may be avoided when using a subscapularis muscle splitting approach in operations for anterior shoulder instability. When done carefully, this technique can successfully allow exposure of the anterior and inferior capsule without requiring exposure or palpation of the AN. 15 The AN position relative to the inferior aspect of the glenohumeral joint changes significantly while positioning the shoulder in different degrees of external rotation or abduction during surgery. However, external rotation will draw the lesser tuberosity away from the nerve making the tenotomy or capsulotomy safer. For this reason, external rotation is recommended in anterior shoulder surgery. Increasing shoulder abduction decreases the distance to the AN of and should be taken into account or avoided if instrumenting in the vicinity of the axillary nerve.
